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ABSTRACT OF THESIS 
 
 
 
 
EFFECTS OF REGENERATION OPENING SIZE AND SIMULATED CROP TREE 
RELEASE ON VOLUME YIELDS AND ECONOMIC VALUE IN OAK-
DOMINATED STANDS 
 
 Patch clearcutting can be put to effective use for landowners with relatively small 
stands of timber.  This project was designed to determine how clearcut opening size and 
mid-rotation crop tree release affects the value and volume of sawtimber at the end of 
rotation. In 1960 patch clearcuts were established in three different diameters, 50ft 
(.05ac), 150ft (.41ac), and 250ft (1.13ac).  Current stand data (2011) was collected to 
determine trees per acre, basal area, average tree diameter, volume, and value. These data 
were input into a growth simulator to determine future trees per acre, basal area, average 
tree diameter, volume, and value with a crop tree release treatment and a control to 2061.  
The 50ft openings yielded little merchantable volume at mid-rotation and were primarily 
composed by shade tolerant species.  In the 150ft and 250ft openings, there was better 
species diversity and an increase in sawtimber volume and value. Using openings of 
150ft or greater, landowners can regenerate commercially important species and manage 
their forests to produce valued timber and maintain aesthetics. 
 
KEYWORDS: Patch Clearcut, Land Expectation Value (LEV), Forest Vegetation                                           
Simulator (FVS), Oak Regeneration, Crop Tree Release (CTR) 
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Chapter One: Introduction 
 Patch clearcutting is a regeneration method where all trees are removed in one 
treatment from a small area or cluster (Nyland 2002).  This research project examines the 
effects of regeneration opening size on species composition, volume yields, tree grade, 
and economic value.  Study plots are located in Robinson Forest, the University of 
Kentucky’s research forest.  Robinson Forest is located in Breathitt and Perry County of 
eastern Kentucky.  Plots are from a previous research project that implemented different 
diameter regeneration openings and postharvest silvicultural treatments in 1960 (Dale et 
al. 1995; Hill 1987; Lhotka 2012).  Study findings are intended to benefit forestlands in 
eastern Kentucky and other forests throughout the region.  These forests are largely 
owned by individual landowners.  Since timber in Kentucky and the surrounding region 
is primarily restricted to small family tracts, as opposed to large timber company owned 
properties, maximizing profits for small land holders is important to Kentucky’s timber  
industry.  This project will focus on yellow-poplar (Liriodendron tulipifera), white oak 
(Quercus alba), chestnut oak (Quercus prinus), sugar maple (Acer saccharum), red maple 
(Acer rubrum), and all varieties of hickory (Carya spp.) as crop trees.  These species are 
common species in the mixed hardwood forests of the Appalachian region.   
 This study was designed to address the lack of research on the long-term effect of 
regeneration opening size on the following rotation. Various opening sizes are assumed 
to have different outcomes on species composition, yield, stem quality, and stem density. 
Use of intermediate treatments on such openings could potentially influence future yield 
and values, but are limited in practice due to costs. 
Current market prices for hardwood sawtimber and data collected from the study 
plots in Robinson Forest will be used to address the two objectives of this research.  The 
 
  2 
  
first will be to quantify the effect of patch clearcut opening size on mid-rotation (age 51) 
sawtimber volume and value.  The second is to determine the effects of crop tree release 
on sawtimber yields and rotation age for mid-rotation stands established following three 
clearcut opening treatments.  Long-term projections following simulated crop tree release 
will utilize an established growth model, Forest Vegetation Simulator (FVS).  This 
research will help forest managers and landowners develop management plans according 
to limitations on stand size, aesthetic goals and desired land use. Application of one or 
multiple regeneration opening sizes can be selected based on intended use and potential 
future values of returning stand.  
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Chapter Two: Literature Review 
The use of patch clearcutting as a forest management practice has many aspects to 
consider.  In order to research the pertinent literature in a useful manor, this review has 
been divided into sections.  These sections are patch clearcut, economic, growth 
simulators, crop tree release, land expectation value, and prior research.  The patch 
clearcut starts with the definition used for this project and benefits of this management 
method.  The next section is a review of the economics of timber and silvicultural 
treatments related to patch clearcuts.  The growth simulator section covers the use and 
function of the Forest Vegetation Simulator.  Crop tree release is then reviewed based on 
use as a silvicultural treatment and its benefits.  Land expectation value is reviewed as 
method of valuation and rotation determination.  Finally, the history and previous 
research of the study site are discussed.  All of these sections are important to the study 
and validity of patch clearcut as management method.  
Patch Clearcut   
 The definition for patch clearcut can vary depending on source, region, and/or the 
forest size.  By some standards a patch cut can be the removal of 23% to 25% of the 
total forested area (Brown and Krygier 1970; Hayward et al. 1999).  While there is not a 
defined size for a patch cut harvest,  it does not meet the criteria for a clearcut (Beck and 
Hooper 1986; Nyland 2002).  Another similar harvest method, known as group 
selection, is an uneven-aged method that implements the harvest of small circular 
clumps of trees throughout a tract of forest (Heitzman and Stephens 2006; LeDoux 
1999; LeDoux et al. 1993; Nyland 2002).  These openings are usually distributed 
standwide and usually do not exceed a diameter greater than twice the height of 
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surrounding dominant trees (Jacobs et al. 2006; LeDoux 1999; LeDoux et al. 1993).  
The use of patch cutting as an alternative to clearcuts has the benefit of using small 
openings to retain aesthetic value and wildlife habitat while improving public image of 
logging by reducing large scale harvests (Dale et al. 1995; Hagerman et al. 1999).  
Another wildlife benefit is that the edge environment created provides browsing habitat 
while the older surrounding forest provides needed shelter (Bradshaw 1992).  Patch 
clearcutting with smaller opening sizes is appealing to landowners that do not have large 
tracts of land or are interested in retaining the aesthetic quality of their property (Atwood 
et al. 2009; Jacobs et al. 2006; Jones 1993; Ward et al. 2005).  A patch clearcut can be 
used to improve a stand of lower quality trees that have resulted from high grade logging 
practices.  High grading is the removal of only the high value trees throughout a stand 
leaving only poorly grown trees and is associated with having negative impact on future 
stand health (Hill 1987; Lu and Buongiorno 1993).  Proper use of patch cuts as opposed 
to the common practice of high grading by small landowners may potentially improve 
the quality of timber in each rotation and promote growth of valuable intermediate shade 
tolerant hardwoods, such as oaks and hickories (Atwood et al., 2009; Jacobs et al., 2006; 
Jones, 1993; Ward et al., 2005). 
 Using patch clearcutting has different impacts on the growing condition of the 
retuning cohort than a clearcut or single-tree selection.  By controlling the opening size, 
many growing conditions can be affected.  Varying the size of the patch clearcut affects 
light availability, temperature, moisture, and forest edge (Bradshaw 1992; Dale et al. 
1995; Lhotka 2012), which in turn all work together to form a microclimate based on the 
opening size.  As with all of these factors, light availability is contingent on the size of 
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the opening, with larger openings more light is available for understory trees and 
regeneration (Bradshaw 1992; Dale et al. 1995; Lhotka 2012; Minckler et al. 2006).  
With increased patch clearcut opening size, species composition will shift to shade 
intolerant trees such as yellow-poplar (Dale et al. 1995). This increased light also raises 
the temperature of the upper soil horizons (Nyland 2002). In a traditional clearcut 
harvest, soil moisture increases due to decreased transpiration and interception of rain 
and snow (Nyland 2002).  In a patch clearcut harvests, surface moisture increases with 
the larger opening sizes in the center and decreases moving towards the edge as 
competition for resources increases (Minckler et al. 2006).  All these factor effect the 
species composition of the opening based on the size, which affects stand growth and 
development.  
   Shade intolerant species have greater basal area growth within larger openings 
when compared to small openings of < 0.10 acre that are too small to open the canopy 
completely (Dale et al. 1995).  The smaller diameter openings promote the regeneration 
of shade tolerant species such as red maple that are less desirable for high grade timber 
in current markets (Dale et al. 1995; Loftis 1990; Walters and Nyland 1989).  With an 
adequate canopy opening size and proper application of silvicultural treatments, 
landowners can expect to have increased growth rates for the first 30 years following the 
cut with species composition of the desired hardwood and reduced harvest intervals 
compared to high grading small stands of timber (Dale et al. 1995; Miller and Stringer 
2004).   Patch clearcutting allows landowners to retain residual timber to retain or 
improve their land’s aesthetic value after harvests (Miller 1991). Retaining valuable 
non-timber opportunities such as hunting and recreation are achieved when 
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implementing land management options of limited harvest.  Property value remains 
intact when harvest methods do not diminish the aesthetics of forest tracts on smaller 
land parcels (Atwood et al. 2009; Miller 1993).  
Economics of Eastern Hardwoods 
 With 90 percent of the U.S. hardwood timber demand supplied by the eastern 
U.S. (Smith 2001), it is important that forests are managed to produce a high quality 
sustainable products.  Management techniques  to preserve hardwood timber markets are 
vital to local and regional economies and take advantage of long term pricing trends of 
timber (Holmes et al. 1990).  Trends in timber prices show that hardwood value 
increased by 4.6 percent from 1961 to 2002 while pulpwood only realized a 0.6 percent 
increase (Wagner and Sendak 2005).  Some of this price increase is based on 
competition between different land use options such as recreation and watershed 
management (Berck 1979).  Varying land use creates opportunity costs for other revenue 
generation that relies on the presence of intact forestlands. These uses can include multi-
use trail and hunting.  Market prices of sawtimber are predominantly determined by 
limited supply and high end producers of furniture, cabinets, and flooring (Holmes et al. 
1990; Luppold and Bumgardner 2007).   
Growth Simulators 
 To aid in forest management decisions, it is useful to have models that can 
simulate future stand growth.  Forecasting the growth and yield of forests in the U.S. has 
been common practice for over a hundred years (Burkhart and Brooks 1990). Early 
models of forecasting timber growth were limited by geographic region, based on 
specific species, and focused mainly on conifers rather than hardwood species (Burkhart 
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and Brooks 1990; Crookston and Dixon 2005; Trimble and Shriner 1981).  The need for 
an improved modeling system with more versatility was evident and with the 
improvements in computing technology a model was developed that the U.S. 
Department of Agriculture adopted and named the Forest Vegetation Simulator (FVS) 
(Crookston and Dixon 2005). The use of FVS allows for management decisions with an 
increased level of confidence based on future growth (Crookston and Dixon 2005). 
 FVS is a distances independent system that uses current inventory data to project 
individual tree growth based on local conditions (Crookston and Dixon 2005).  This 
simulator has the ability to include parameters such as the effect of insects, pathogens, 
and fire, which has made it one of the most widely used forest modeling programs in the 
U.S. (Crookston and Dixon 2005; Dixon 2002). This program uses variants, which are 
based on geographic location, to predict tree growth, mortality, and volume with 
equations that are specific to conditions and species of that region.  These variants are 
populated with default settings, such as top diameter inside bark for the DBH of each 
species. For this project, the Southern (SN) variant was used which includes all the 
states south of Kentucky and east of Texas.  In order to be more specific to the forest 
conditions, a location code is used that corresponds to a location in a national forest 
(Dixon 2002). For stands not in a national forest, a code should be used from a location 
that has the closest match of slope, aspect, and elevation to control simulations (Dixon 
2002; Keyser 2012). Site index is also a variable, which the default for oak forests is 70, 
to determine type and quality that can be sustained by the stand location (Avery and 
Burkhart 2002; Keyser 2012).  
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 Besides location, other variables are taken into account to predict growth and 
mortality rates for this project from specific tree data gathered from the study site.  Data 
on each tree collected and used in FVS for this study, or from previous work, included 
species, DBH, height, and crown ratio.  By entering in a species code for each tree, FVS 
is able to calculate estimations that are species specific for the growth during the rotation 
cycle (Crookston and Dixon 2005). This is a vast improvement from previous predictive 
methods that were developed for specific species.  While species is important, the two 
most important tree measurements in projected growth are DBH and height, respectively 
(Dixon 2002).  These measurements are used to calculate volume that is used in the 
project to estimate the values of current and future stands.  If height is omitted from the 
data, FVS has the ability to estimate the height using programmed relationships of 
height and DBH that are species specific (Dixon 2002).  Crown ratio has multiple 
functions in FVS, which include estimating ratios for trees without data entered, 
estimate changes in crown ratio during simulation cycles, and estimating ratios for 
regeneration trees (Keyser 2012).  
 In addition to measurements, FVS has the ability to track a specific tree growth 
and mortality.  By grouping trees with similar physical characteristics together as a 
single record, they can be track through the growth cycle (Dixon 2002). To accomplish 
this each tree can be assigned a unique identifier number, which can be useful for 
assigning value at the end of the growth simulation cycle.  
 One of the main limitations currently with FVS is the ability to account for the 
potential consequences of climate change on forest growth and species distribution.  
Climate change can affect the forest ecosystem and tree species composition when trees 
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are unable to adapt to changing conditions (Crookston and Dixon 2005; Milner et al. 
2002 February 12-14; Rehfeldt et al. 2002).  Even with these current limitations, FVS is 
a valuable tool for assessing future forest conditions and value. 
Crop Tree Release 
 Crop tree release (CTR) is silvicultural method that is used to enhance the 
potential of individual trees that are considered to have the greatest chance to develop 
into high value timber trees as defined by predetermine criteria.  When using CTR, trees 
are removed that could prevent the crop tree from reaching full potential. This is achieved 
by reducing competition for sunlight, water, and nutrients.  To accomplish this trees are 
removed of the same or lesser crown class that are impeding the crop trees (Miller and 
Stringer 2007; Morrissey et al. 2011).  By performing CTR on hardwood stands, 
undesirable trees are removed to decrease density and reduce the stems that are 
competing for limited resources.  This has the capability of increasing overall stand value 
by selling trees mid-rotation that would otherwise had a higher mortality rate and 
enabling remaining trees to increase growth rate for the duration of the rotation (Miller 
1997; Miller and Stringer 2004; Nowak 1996). 
 Stands where CTR treatments are used have higher DBH and sawtimber volumes 
than stands where no intermediate treats have been applied (Morrissey et al. 2011).  
Although it has been shown that there is a growth delay following CTR in mature stands, 
after 2 years there is a significant increase in diameter growth (Lamson et al. 1990; Ward 
2002).  Severity of the growth delay is directly related to the intensity of the CTR and the 
selected crop trees from the dominant and codominant crown classes (Heitzman and 
Nyland 1991).  When trees are removed on all sides, meaning all trees touching the 
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selected crop trees crown, released trees respond with increased growth that varies by 
species (Ward 2002).  Not only is there increased DBH and volume, current tree grade is 
maintained or improved.  A concern with increased light is epicormic branching, which 
does not appear to be an issue with white oaks or mature trees with a DBH greater than 
15.6” (Miller and Stringer 2004). 
  Using a CTR treatment on previously patch clearcut stands could provide 
benefits to both forest health and landowner objectives.  In larger patch openings, often 
there is a strong presence of yellow-poplar in the returning cohort due to their fast growth 
in direct sunlight.  Performing a CTR that would benefit more valuable species such as 
oaks, which are slower going and would promote species diversity while utilizing 
valuable timber that would otherwise be stunted (Miller and Stringer 2004; Morrissey et 
al. 2011).  In smaller patch clearcut opening where species composition is more diverse, 
the CTR could be used to favor more desirable species of timber and promote wildlife 
habitat (Heitzman and Nyland 1991; Miller and Stringer 2004; Morrissey et al. 2011).  
One possible draw back to CTR is costs to perform the treatment if tree size and stand 
volume are not sufficient for a commercial harvest.  When using this treatment on smaller 
patch harvests deadening the selected trees by girdling or herbicide may be more 
economically effective.  If the release area is not large enough, the increased growth may 
not prove to have beneficial increase in monetary gain (Heitzman and Nyland 1991; 
Morrissey et al. 2011). 
Land Expectation Value  
 Land Expectation Value (LEV), also known as Soil Expectation Value (SEV), is 
an economic metric used in forest management decision making.  The original formula 
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was developed by Martin Faustmann in 1849 and later improved upon by Bertil Ohlin 
(Löfgren 1983; Straka and Bullard 1996).  One difficulty in managing a forest is 
determining the optimum economic rotation age which LEV is used to solve (Wagner 
2010).  Using the LEV method allows a landowner to discount the present value of the 
standing timber to the beginning of the rotation and all future rotations (Gong 1998; 
Michie 1985; Straka and Bullard 1996).   
 This method of determining land value is easily applied to even-aged stands due 
to the one time conversion to timber land, but can be applied to uneven-aged stands that 
are occasionally harvested (Davis et al. 1987).  LEV models also allows for the inclusion 
for mid-rotation treatment costs, property taxes, and thinning harvest revenues, which is 
useful in writing management plans for the length of the rotation (Gong 1998; Michie 
1985; Straka and Bullard 1996). 
 While this is a trusted model in discounting forest lands for single or perpetual 
rotations, there is uncertainty in LEV values based on mobility of timber markets (Gong 
1998).  This problem is not unique to economic forecasting, but due to the length of 
rotation and non-liquid nature of timber extra consideration should be given prior to 
investing (Gong 1998). Monitoring current market trends and prices can help adapt 
management methods and harvest schedules (Gong 1998; Michie 1985).   
Prior Research on Current Sites 
 In 1960, a research project was initiated in Robinson Forest to determine the 
effects of patch clearcut size on regeneration in eastern Kentucky forests (Dale et al. 
1995; Hill 1987).  The Kentucky Agricultural Experiment Station and USDA Forest 
Service completed this primary research.  In this study, three different circular patch 
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clearcuts (50ft, 150ft, and 250ft diameter) were established where all merchantable 
timber with a DBH of 12in or greater was harvested.  All other trees with a DBH 
between 3 to 12 inches were killed using a chemical application and girdling.  Three 
different postharvest site preparation treatments were also used in the study.  The first 
was the control with no additional treatment.  The second deadened all regeneration with 
a DBH less than 3in using a chemical spray.  The third treatment was the same as 
treatment two except all oak and hickory stems were left to grow.  The experimental 
design of the original study included 27 study sites.  Nine of each of the three patch cut 
harvest sizes where established.  Included in each of the diameter cut sizes were three of 
each postharvest treatments (Dale et al. 1995; Hill 1987).   
 Dr. Deborah Hill of the University of Kentucky conducted a follow up research 
project in 1981.  All original plots were relocated, except one 50ft plot that was 
harvested in a separate operation.  No additional treatments were applied to these patch 
cuts.  The focus of this study was to determine the success of the previous project to 
promote oak-hickory dominated forests and the importance of each species (Hill 1987). 
Results from this study were that regardless of plot size or post-harvest silvicultural 
treatment, that oak and hickory comprised 15% + of the total basal area of the test plots 
(Hill 1987). 
 In Dale et al. (1995), these plots were once again utilized along with patch cut 
harvests of similar age and size that were located in forests in Illinois, Ohio, and West 
Virginia.  The Dale et al. (1995) study focused on regeneration  that occurred depending 
on opening size and distance from the edge of the remaining intact forest.  Results of 
this study showed that the size of the opening, for the first 30 years, played a major role 
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in productivity and that by increasing the patch cut diameter there was a greater 
abundance of shade intolerant species such as oaks and hickories (Dale et al. 1995). 
 Using the study sites from Dale et al. (1995), LeDoux (1999) examined the 
benefits and limitations of patch clearcuts in regards to cost, stand structure, and wildlife. 
He concludes that the costs of logging are more efficient with larger opening sizes.  In 
addition, regeneration and stand development improve, as the opening size is increased 
(LeDoux 1999). Using simulations the larger opening would produce a higher mean 
DBH, which in turn the stand would have larger trees with greater merchantable volume 
per acre.  LeDoux (1999) suggests that a patch clearcut harvest of 1.25 acre is needed to 
maximize regeneration and monetary benefits. Wildlife benefits vary based on opening 
size due edge effect, microclimates, and corridors that are created.  The benefits to 
landowner of different opening sizes would be directly related to management objectives. 
 Using the 1960 patch clearcut study on Robinson Forest, Lhotka (2012) explored 
the effects of three different opening sizes on regeneration of mixed hardwoods forest.  
An inventory of the regeneration immediately following the harvest showed that there 
was no significant difference of seedling density or density of species between the 
opening sizes (Lhotka 2012).  In the first two years after the harvest, the density of 
yellow poplar regeneration increased, especially in the two larger opening sizes.  After 48 
years of growth, the 50ft openings showed less species diversity and were dominated 
with shade tolerant species.  To promote oak regeneration, an opening size of at least 
150ft may be needed (Lhotka 2012). 
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Chapter Three: Methods 
Study Location 
 Robinson Forest is the forest owned by the University of Kentucky that is located 
in the southeastern portion of Kentucky (Dale et al. 1995; Hill 1987). This region of 
Kentucky is within the Northern Cumberland Plateau ecological section (Hill 1987; 
Lhotka 2012). Robinson Forest is denoted by narrow valleys and steep slopes.   
Study History and Design 
During the late 1950’s and early 1960’s a regional study on the regeneration of 
patch clearcutting was performed by the USDA Forest Service, Central States Forest 
Experiment Station, Division of Timber Management Research.  These study sites were 
established throughout the Central Hardwood Forest Region (CHFR), which included 
Baldrock Experimental Forest (Kentucky), Fernow Experimental Forest (West Virginia), 
Kaskaskia Experimental Forest (Illinois), University of Kentucky Robinson Forest 
(Kentucky), and Vinton Furnace Experimental Forest (Ohio) (Dale et al. 1995; Lhotka 
2012).  CHFR, as defined by Hicks (1998), is east of the Mississippi River centered along 
the Appalachian Mountain range west of the Mississippi along the Ouachita/Ozark 
Mountains. The region is vital to hardwood production as it contains 90% of United 
States hardwood forests (Hicks Jr 1998; Smith 2001).  These studies of patch clearcutting 
were to determine the effects of opening size on the regeneration and species composition 
in the CHFR.  The patch clearcutting ranged in size from 0.04 to 5 acres (Dale et al. 
1995; Hill 1987; Lhotka 2012). 
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Only the plots that were installed in Robinson Forest have been used in this 
project.  Plots had circular diameters of 50ft (.05ac), 150ft (.41ac), and 250ft (1.13ac).  
There were twenty-seven total plots (9 of each diameter) (Appendix A).  The plots were 
predominantly southeast facing with slopes ranging from 33% to 66% (Appendix B).  
Within every opening, all commercial timber with a DBH of 12” or greater was 
harvested.  Any undesirable trees of 12” and greater were girdled.  After the initial 
harvest and treatment, all stems between 3”-12” were frilled and treated with a 2, 4, 5, T 
and No. 2 fuel oil.  Following the harvest, 3 site preparations were established and 
replicated 3 times per each diameter.  These treatments consisted of; (1) no additional 
treatment (control); (2) all regeneration with a DBH less than 3inches deadened using a 
chemical spray; and (3) same as previous treatment except oak and hickory stems were 
left to regenerate.   
Data Collection 
 In the summer of 2011, the original plots from 1960 were relocated using tags that 
were placed on roadside monuments.  These tags verified the plot number and diameter, 
which was then compared to a list provided by Dr. John Lhotka.  Using these 
monuments, the center of each of the plots were then located and identified by an 
additional monument at plot center.  Each plot was then divided into subplots for data 
collection based on diameter.   
 Plots with a diameter of 50ft were assigned only one subplot.  These subplots had 
a radius of 22ft and an area of 0.035 ac.  On plots with multiple subplots (150’ and 250’), 
the first subplot was located at the original plot center, the second subplot was positioned 
directly up slope, the third subplot to the right across the slope aspect, the fourth subplot 
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was directly down slope from plot center, and the fifth subplot to the left of the plot 
center along the slope aspect (Fig. 3.1).  Due to the different areas within plots, subplots 
for the 150’ openings had a radius of 22’ and the 250’ openings had a radius of 37’.  The 
different size subplots were needed to cover approximately the same percentage of area 
within the plots (Fig. 3.1).  The same data was collected within each subplot regardless of 
size.  
 Once subplots were established, data was collected from trees that meet the 
minimum criteria of a 6in DBH.  The data collected on each tree included DBH, number 
of 16ft logs, current tree grade, potential tree grade, crown class, crop tree classification, 
number of sides needing release, and tag number from previous study when present. 
  Diameter at breast height (DBH) measurements were taken at a height of  4.5ft, 
which is the standard established height for this measurement (Avery and Burkhart 
2002).  This measurement was taken using a loggers tape to the closest tenth of an inch.  
Since the topography of Robinson Forest consists largely of steep slopes, special 
attention was paid to insure that all DBH measurements were taken from the uphill side 
and parallel with any lean.  In the cases of forked trees, the DBH was measured below the 
fork if it occurred above 4.5ft and each fork was measured if it occurred below 4.5ft 
(Avery and Burkhart 2002). 
 Merchantable height was taken using a log length of 16ft and measured to the 
nearest half log.  Merchantable length was determined to be the most logical unit for 
height measured based on the economic nature of this research project.  Overall tree 
height was not recorded nor was crown ratio calculated during this data collection since 
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this was collected in Lhotka (2012) and was readily available for further analysis if 
necessary.   
 Tree grade was determined for each tree that met the minimum DBH of 9.6”,   
current height, and condition.  The assignment of grade was in accordance the USFS tree 
grading rules for factory lumber based on the third best side of the standing timber 
(Appendix D).  After a current grade was assigned, a potential future grade was 
determined using the same USFS grading rule.  When the potential future grade was 
assigned it was assumed that the tree would reach the minimum DBH of 15.5” required 
for grade one.  Abnormalities in the bark were excluded from grading criteria, as were 
slight epicormic braches as these minor defects were determined to be insignificant to 
future grade and would decrease by the time the tree reached maturity.   
Crown class was recorded as dominant, codominant, intermediate, or overtopped.  
These classifications were used as a factor to quantify the ability of a tree to qualify as a 
crop tree.  Only trees that were in the upper canopy, dominant and codominant, were 
classified as crop trees due to their increased likelihood of response to a release treatment 
(Loftis 1990; Loftis 2004; Rentch et al. 2009).  By removing competitive trees 
surrounding the identified crop tree, resources, such as water and nutrients, will be 
allocated to the trees with the highest potential of producing higher quality timber  
(Miller and Stringer 2004).  Trees that were present in the intermediate and overtopped 
crown classes were not selected as crop tree due to the limited ability to respond to a 
release treatment (Rentch et al. 2009).  After a tree was determined to be a crop tree, we 
recorded on how many sides competing trees would have to be removed to release it on 
all sides. 
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Log Prices 
 In order to value the standing timber, a standard pricing needed to be established 
using a consistent methodology.  For this purpose, the Kentucky Growing Gold reports 
were used for the delivered log prices, which were obtained from the Kentucky Division 
of Forestry website (Forestry 2011).  Each quarter these reports are issued for the 
delivered log prices of desirable wood products and are issued for the state of Kentucky 
by the Kentucky Division of Forestry.  These reports are issued for four geographic 
regions to reflect local markets.  This study used prices reports from region four, which 
encompasses the southeastern corner of Kentucky where are study sites are located. 
 To establish the log prices for this project, Growing Gold reports for each quarter 
from January 2007 through December 2011 were gathered.  These prices are calculated 
using the Doyle log rule.  From these reports the prices for each grade and product was 
entered into a spreadsheet.  Prices shown with a high and low value were averaged to 
obtain one price per species and product.  This procedure was repeated for each quarterly 
report then an annual average was calculated for each of the five years.  The annual 
averages were then adjusted with an inflation multiplier calculated from the consumer 
price index and averaged for all product classes. The inflation multiplier changed for each 
year from 2007 to 2011 based on economic condition and years from present to represent 
current market conditions.  For analysis, only delivered sawlog prices were used to 
simplify the pricing and to present results.  By not including all forest products, such as 
pulpwood and mulch byproducts, LEV will be lower due to unrealized revenues. 
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Data analysis 
Current Stand Structure, Yield, and Value 
Analysis was performed in two separate stages.  First, plot-level data from the 
subplots were converted to per acre numbers for analysis based on area covered by each 
opening size using SAS.  Per acre expansion factors varied by opening size due to 
different subplot sizes and number.  The effect of opening size on mean TPA, sawtimber 
volume per acre, BA per acre, DBH, tree volume, and value per acre was assessed using a 
one-way ANOVA with an alpha=0.05.  Post hoc comparisons among opening sizes were 
performed using a Tukey test with an alpha=0.05.  The volume was calculated using 
Wiant (1986) based on Doyle form class 78. Species importance values were also 
calculated from basal area and tree density using the following equation 
𝐼𝑉 =
𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐷𝑜𝑚𝑖𝑛𝑎𝑛𝑐𝑒 + 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦
2
 
 
Where: 
IV = Importance value 
Relative Dominance = % of species BA of total BA 
Relative Density = % of species TPA of total TPA 
 
Simulated Crop Tree Release 
Following analysis of observed (year 51) conditions, FVS growth projections 
were made for each opening size with and without a simulated crop tree release. Because 
stand data indicated that the 50ft opening size was well below the minimum density of 
full site occupancy (i.e., Gingrich (1967) B-line), a CTR treatment was not simulated for 
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this opening size.  Parameters for the crop tree release are explained in the next section.  
Spreadsheets were designed to include the information needed by the FVS program to 
complete the simulation.  The information need by FVS to simulate future growth 
includes trees per acre, species, DBH, height, and crown ratio.  These FVS inputs 
represented treatment-level averages by tree grade, species, and 1” DBH classes.  Input 
data were collected during the summer of 2011 except total height and crown ratio which 
were collected for Lhotka (2012) during summer 2008.  This information was entered 
into the FVS program using Microsoft Excel and Access to project growth for the control 
and crop tree release at ten-year increments.  
 Crop tree release is a silvicultural treatment that enhances the potential of 
individual trees considered to have the greatest chance to develop into high value timber 
trees as defined by predetermined criteria.  This is accomplished by removing trees of the 
same or lesser crown class that are impeding on the crop tress (Miller and Stringer 2007; 
Morrissey et al. 2011).  For this project, crop trees were those of species of value to 
regional wood products, such as all species of oak, hickory, yellow-poplar, red and sugar 
maple, black walnut and ash that were in the dominant and codominant crown class.  
Since individual trees were identified as crop trees, any tree deemed not a crop tree based 
on DBH and crown class was designated for removal.  
For the 150ft opening, all trees with a DBH of 9 inches or greater that were not 
classified as crop trees during data collection were removed from the FVS input 
spreadsheet for the simulated CTR.  In this opening size, the trees with a 9in and greater 
DBH were the size class that primarily represented the dominant and codominant crown 
class.  This reduced stocking from approximately 73% to 55% (Figure 3.2).  The trees per 
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acre were reduced from 145 to 110 trees per acre and the basal area was reduced from 
85.31 ft
2
ac
-1
 to 64.87 ft
2
ac
-1
 (Figure 3.2).  Similarly for the 250ft opening, all trees with a 
DBH of 10 inches or greater that were not determined to be crop trees during data 
collection were removed from the FVS input spreadsheet.  Stocking levels were reduced 
from approximately 78% to 58% (Figure 3.3). The trees per acre were reduced from 125 
to 88 trees per acre and the basal area was reduced from 95.68 ft
2
ac
-1
 to 68.52 ft
2
ac
-1
 
(Figure 3.3). 
FVS projections for each opening size, including the simulated crop tree, were 
done using 10-year cycles for a projection period of 50 years (2011 to 2061).  For each 
step of the simulation, FVS outputs were used to calculate the following metrics on a per 
acre basis: trees density, value, board-foot volume (doyle 78), basal area, quadratic mean 
diameter, and LEV.  The future volumes were calculated using the Waint (1986) volume 
equation and the future dbh returned from the FVS simulation. The number of logs used 
were the same as in the original volume calculations as the measurement were taken to 
the first major branch or crotch. This was used based on the assumption that growth 
would be in diameter and not merchantable log height.  These calculations were used to 
construct a table for analysis and comparison between opening size and CTR treatment.   
  
LEV    
 
 LEV is a method calculating the value of land based on using it for perpetual 
timber growth and harvest (Straka and Bullard 1996). This method is used frequently for 
the valuation of pine plantations to determine financial maturity, but can be used on 
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hardwood stands and for commercial and noncommercial thinning valuations (Straka and 
Bullard 1996).  Used in conjunction with the FVS, LEV will help determine what rotation 
age is producing the highest land value based on discounting the timber value to start of 
the rotation.  This method allows management decision to be made based on the cost of 
retaining the land and continuing to grow the stand of timber (Chang 1984). 
Following FVS simulations for all of the opening sizes with and without crop tree 
release (CTR was not completed for 50ft), timber value that was used during the initial 
analysis was used to calculate a value at each ten-year increment of the simulation out to 
2061.  After a price was assigned for each grade, the formula below was used to calculate 
the LEV.  This equation was developed using Wagner (2010) page 221. 
 
𝑳𝑬𝑽 =
(𝒕𝒊𝒎𝒃𝒆𝒓 𝒗𝒂𝒍𝒖𝒆) ∗ (𝟏 + 𝒓)−(𝒓𝒐𝒕𝒂𝒕𝒊𝒐𝒏 𝒂𝒈𝒆) + (𝒓𝒆𝒗𝒆𝒏𝒖𝒆 − 𝒄𝒐𝒔𝒕) ∗ (𝟏 + 𝒓)−(𝒂𝒈𝒆 𝒂𝒕 𝑪𝑻𝑹)
𝟏 − (𝟏 + 𝒓)−(𝒓𝒐𝒕𝒂𝒕𝒊𝒐𝒏 𝒂𝒈𝒆))
 
where: 
LEV = Land Expectation Value 
timber value = value of timber as of 2011 
r = interest rate 
rotation age = simulation year – 1960 
age at CTR = 51 years 
 
 For all the opening size treatments when no CTR was simulated, the value of the 
timber was used based on the SAS output on a per acre basis.  This per acre value took 
into account the volume, species and board foot value based on regional pricing.  The 
interest rate that was used for this calculation was 5%.  This is the standard interest rate 
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used for timber analysis and provides a trend in value over the rotation period.  This 
calculation is sensitive to interest rate fluctuation. If the interest rate used increases then 
the LEV for the timber land decreases due to the opportunity cost of making investments 
with a higher return.  The inverse is also true, if interest rate drops the LEV will increase. 
To determine the rotation age that could be applied to the current stand, the year of the 
original clearcut in 1960 was subtracted from the year of the simulation (i.e.  2021-1960 
= 61 years).  For the control, there was no CTR performed, so no additional silvicultural 
costs or revenues were necessary in LEV calculations.  For the 150ft and 250ft openings, 
a CTR was simulated and value was determined for the removed timber using the cut list 
produced prior to the FVS projection.  This revenue was added and a logging cost of 50% 
of revenues was subtracted, in accordance with regional logger practices.  These methods 
were used for each ten-year FVS projection interval.  
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Figure 3.1 Diagram of experimental design of subplots based on diameter size of plots.  
Provided by Dr. John Lhotka  
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Figure 3.2 Stocking chart with prerelease and post release stocking for 150ft opening  
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Figure 3.3 Stocking chart with prerelease and post release stocking for 150ft opening  
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Chapter Four: Results 
 
Year Fifty-One Stand Structure 
 Analysis of all measured stems (≥ 6” DBH) among the 50, 150, and 250ft 
diameter patch clearcuts shows that there is a significant difference in mean trees per acre 
between the 50ft and 150ft (p = 0.0014) in which there were twice as many trees per acre 
in the 150ft opening (Table 4.1).  Between the 50ft and the 250ft there was also a 
significant difference (p = 0.0231) with almost twice as many trees per acre (Table 4.1).  
There is no significant difference in the trees per acre of all stems on the 150ft and the 
250ft openings (p < .05) (Table 4.1). 
Among the 50, 150, and 250ft diameter patch clearcuts, there is a significant 
difference in mean basal area per acre between the 50ft and 150ft (p < .0001) and basal 
area in the 150ft opening is almost four times greater than in the 50ft opening (Table 4.1).  
A similar basal area difference (p < .0001) is present between the 50ft and the 250ft 
openings (Table 4.1).  There is no difference between the mean basal area per acre on the 
150ft and the 250ft openings (p = 0.2863) (Table 4.1). 
  Mean diameter at breast height is significantly different difference  between the 
50ft and 150ft (p < 0.0001) and between the 50ft and the 250ft (p = 0.0001) openings 
(Table 4.1).  The 150ft openings have an average diameter that is roughly 3in larger than 
the 50ft openings (Table 4.1).  On the 250ft opening, the average is 4in larger than on the 
50ft openings (Table 4.1).  The difference of mean DBH between the 150ft and the 250ft 
openings (p = 0.0545) was not significantly different (Table 4.1). 
 
  28 
  
  Analysis of sawtimber volume among the 50, 150, and 250ft openings shows that 
there is a significant difference in board feet volume per acre between the 50ft and 150ft 
(p = 0.0188).  The 50ft opening returned zero merchantable board feet where the 150ft 
opening had 2853.6 board feet per acre (Table 4.1) Between the 50ft and 250ft openings, 
there was also a significant (p < 0.0001) difference in volume (Table 4.1) with the 250ft 
opening having 4474.1 board feet per acre.  The 250ft opening had 1.5 times more 
volume (P=0.014) than the 150ft opening (Table 4.1). 
Stand value was significantly different among each of the opening size treatments.  
As with volume, the 50ft opening had zero value where as the 150ft opening had a value 
of $686 per acre (Table 4.1). Between the 50ft and the 250ft there was a significant (p < 
0.0001) difference in value with the 250ft having a value of $1353 (Table 4.1).  Value per 
acre of the 250ft opening was more than double (P=0.0147) when compared to the 150ft 
opening (Table 4.1). 
Year Fifty-One Crop Tree vs. Non-Crop Tree 
 In the 50ft opening only 20 trees per acre (Table 4.2) of the total 77 trees per acre 
(Table 4.1) were considered crop trees, and no crop trees reached the merchantable DBH 
of 10in.  Likewise, the relative basal area of the crop trees was low at only 33%.  This 
accounts for a basal area of 7ft
2
ac
-1 
and crop trees had an average DBH of 8in.  There 
were no sawtimber volume or value recorded for crop trees in the 50ft openings because 
no trees were grade three or higher (Table 4.2).   
 Overall crop tree numbers improved for the 150ft opening.  There were 58 crop 
trees per acre (Table 4.2) which constituted 40% of the total 145 trees per acre (Table 
4.1).  There was also an increase from the 50ft opening in crop tree basal area to a total of 
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50ft
2
ac
-1
.  Average DBH for crop trees in the 150ft opening was 12in, which was 4in 
larger than the 50ft opening.  The volume of the crop trees in the 150ft opening was 
2,420 board feet per acre with a value of $624 (Table 4.2). 
 The 250ft opening was similar to the 150ft opening in regards to crop tree density 
and basal area.  There were 50 crop trees per (Table 4.2) acre at 40% of the total 125 
stems (Table 4.1).  Basal area of crop trees were at 58%, which were 55ft
2
ac
 -1 
(Table 
4.1).  The volume of the crop trees in the 250ft open was 3,481 board feet per acre with a 
value of $1,190 (Table 4.2).  The value in the 250ft opening was twice that of the 150ft 
opening. 
Year Fifty-One Species Importance Value 
 Relative importance is a measure of basal area and density to assign a value to 
reflect species dominance in these stands as of 2011.  In the 50ft, opening the species 
with the highest relative dominance is red maple (Acer rubrum) at 41.9% (Table 4.3).  
The next species of importance is white oak (Quercus alba) at 20.5% (Table 4.3).  The 
next two species were sugar maple (Acer saccharum) and black gum (Nyssa sylvatica) 
with 16.3% and 10.9% respectively (Table 4.3).  The rest of the species had less than 
10% importance.  The 50ft opening also had the least species variety with only six 
species with a DBH of 6in or greater (Table 4.3). 
  In the 150ft, opening the species with the highest relative dominance was also red 
maple (Acer rubrum) at 29.2% (Table 4.4).  The next species of importance was chestnut 
oak (Quercus prinus) at 20.2% (Table 4.4).  The species with the third and fourth relative 
importance were white oak (Quercus alba) at 17.0% and yellow poplar (Liriodendron 
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tulipifera) at 14.2%.  The rest of the species had less that 10% importance.  The 150ft 
opening had a variety of 14 species with a DBH of 6in or greater (Table 4.4). 
 The species with the highest relative importance in the 250ft opening is also red 
maple (Acer rubrum) at 29.4% (Table 4.5).  The next species of importance is yellow 
poplar (Liriodendron tulipifera) at 20.5% (Table 4.5).  The next two species are chestnut 
oak (Quercus prinus) and white oak (Quercus alba) with 12.9% and 11.2% respectively 
(Table 4.5).  The rest of the species have less that 10% importance.  The 250ft opening 
has the most variety of tree species of all the opening.  The composition is comprised of 
18 different species with a DBH of 6in or greater (Table 4.5). 
 
Year Fifty-One Crown Class  
 The following results reflect the trees per acre and basal area by crown class and 
patch clearcut opening size as of 2011.  The 50ft opening size has no trees that were in 
the dominant crown class and only 12 trees per acre (4.4 ft
2
 ac
-1
 basal area) that were in 
the codominant class that make up 4.4ft
2
ac
-1
  of the basal area (Table 4.6) .  In this 
opening, the majority of the trees and basal area are in the intermediate and overtopped 
crown class (Table 4.6).  
 In the 150ft opening, 3.2 trees per acre were present in the dominant crown class 
(Table 4.6).  In the codominant crown, there were 57.9 trees per acre with 47.6 ft
2
ac of 
basal area (Table 4.6).  The crown class with the large number of trees per acre and basal 
area was the intermediate with 77.9 ft
2
ac
-1
 and 31.3 ft
2
ac
-1
 respectively (Table 4.6).    
 The dominant crown class in the 250ft opening had 1.6 trees per acre and a basal 
area of 2.7 ft
2
ac
-1
 (Table 4.6).  The codominant crown class had 50.9 trees per acre and 
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basal area of 55.2 ft
2
ac
-1
 (Table 4.6).  The intermediate and overtopped had 61.1 and 11.7 
trees per acre and a basal area of 33.4 ft
2
ac
-1
 and 4.4 ft
2
ac
-1
, respectively (Table 4.6). 
Year Fifty-One Grade Distribution 
The following is the distribution of tree grades for trees with a DBH ≥ 10in based 
on the hardwood tree grading key provided by the Department of Forestry, University of 
Kentucky (Appendix D).  The 50ft opening produced no timber that reached a sawtimber 
grade of 1, 2, or 3.  All the logs were graded as currently below grade (Table 4.7). The 
150ft openings produced 70.29 trees per acre with a DBH of 10in or greater (Table 4.7).  
Of these sawtimber trees, 6.3% were grade 1, 26.1% were grade 2 , and 59.5% were 
grade 3.  The rest of the 5.7 trees per acre (8.1%) fell below any sawtimber grade (Table 
4.7).   The 250ft openings had 84.66 trees per acre with a DBH of 10in or greater (Table 
4.7).  Grade 1, 2, and 3 represented 10.2%, 30.2%, and 49.4% of sawtimber sized trees 
respectively. 10.0% fell below any sawtimber grade (Table 4.7).  
Potential future grades were also determined in the field.  The 50ft opening had 
68.4% in future grade 1 where the 150ft and 250ft had 49.3% and 46.3%, respectively 
(Table 4.8).  The future grade of remaining trees in the 50ft opening were as follows 0% 
grade 2, 10.5% grade 3 and 21.1% were below grade (Table 4.8).  In the 150ft opening, 
24.0% were grade 2 and 18.8% grade 3 with only 7.9% below grade (Table 4.8). In the 
250ft opening 23.2% were grade 2 and 20.5% grade 3 with only 10.0% below grade 
(Table 4.8).    
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Simulated Crop Tree Release 
 Control and CTR simulations were performed using the FVS, for every ten years 
from 2011 to 2061.  CTR was not performed on the 50ft opening with the FVS program; 
it was used to simulate the growth of current stand to 2061.   
  
For the 50ft opening, basal area increased every year with its highest at 71.0 ft
2
ac 
in 2061.  Volume increased from 75 board feet per acre to 4,101.7 from 2011 to 2061.  
Value increased from $10.40 to $1,257.50 per acre from 2011 to 2061 (Table 4.9).  The 
50ft opening never became fully stocked by the end of the rotation not even reaching 
60% stocking (Figure 4.1) 
 For the 150ft opening, results were calculated for both a control and CTR 
simulations.  By 2011, the 150ft opening had reached peak trees per acres for both the 
control and CTR with 145.0 and 109.6 respectively (Table 4.10).  Basal area increased 
for the control from 85.4 ft
2
ac
-1
 in 2011 to 167.6 ft
2
ac
-1
 in 2061 and 64.9 ft
2
ac
-1
 to 156.1 
ft
2
ac for the CTR in the respective years (Table 4.10).  The average DBH for both the 
control and CTR were 10.4 in 2011.  By 2061, the average DBH for the CTR was only 
slightly higher with an average DBH of 17.2 in; the control had an average DBH of 16.6 
in (Table 4.10).  The volume for the control in 2061 as 10,900 board feet per acre and the 
CTR was 10,769 boardfeet per acre.  The difference between simulations in value at the 
end of the rotation was $42 with the control being valued at $3,664 per acre and the CTR 
being valued at $3,706 per acre (Table 4.10).  At the end of the rotation, both the control 
(Figure 4.2) and the CTR (Figure 4.3) had exceeded 100% stocking, with the control 
having the higher stocking percentage. 
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 Similar to the, 150ft opening, the 250ft opening simulation was run for a control 
and a CTR for 10-year periods from 2011 to 2061.  The trees per acre decreased from 
125.3 to 98.4 on the control and 88.4 to 77.5 on the CTR simulation (Table 4.11).  Basal 
area increased from 95.7 ft
2
ac
-1
 to 179.1 ft
2
ac
-1
 in the same 50-year period in the control 
simulation and from 68.5 ft
2
ac
-1
 to 146.3 ft
2
ac
-1
 in the CTR (Table 4.11).  At the end of 
the simulation, the control and CTR had a volume of 13,629.2 board feet per acre and 
11,908.2 board feet per acre, respectively.  The difference in value at the end of the 
rotation was $400.80 with the control being valued at $4,739 per acre and the CTR being 
valued at $4,338 per acre (Table 4.11).  The control had a stocking percentage that 
exceeded 110% by the end of the 100 year rotation (Figure 4.4), while stocking in the 
CTR treatment was just above the A-line and was 100% stocking (Figure 4.5).  
 
Land Expectation Value of Simulated Crop Tree Release 
 Using the LEV formula cited in the methods section, values were calculated for 
each ten-year projection cycle.  These values were then arranged in graphs by opening 
size to show the trend of LEV for comparison.  The 50ft opening only has LEV 
calculations for the control projection due to not having adequate stocking to perform a 
CTR.  In year 2011, the LEV for this opening was $1 per acre.  Over the remainder of the 
rotation the LEV, steadily increased to $9 per acre (Figure 4.6).  
 The 150ft opening had LEV calculated for the control and the CTR simulation.  
For the control, the LEV for 2011 was $63 per acre.  In 2021, the control LEV peaked at 
$64 per acre and decrease to $27 per acre in 2061. The CTR simulation started out with a 
LEV of $60 per acre and like the control peak at $64 per acre in 2021.  For the duration 
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of the hundred year rotation the LEV decreased to $30 per acre (Figure 4.7).  Based on 
the LEV calculation the control will reach economic maturity in 2021, which is 60 years 
after the harvest in 1960 (Figure 4.7).  The CTR simulation also reached economic 
maturity in 2021.  For the remainder of the rotation, both simulations decreased in per 
acre value, but the simulated CTR had a higher LEV from 2041 to 2061 than the control 
for the corresponding years (Figure 4.7) 
 The 250ft opening LEV were at their highest in 2011 for both the control and the 
CTR simulations.  For the control, the 2011 LEV was $124 per acre and decreased to $35 
per acre in 2061.  The CTR simulation was $117 per acre in 2011 and decreased to $38 
per acre in 2061 (Figure 4.8).  Based on the LEV calculations, the 250ft opening size 
reached economic maturity in 2011 or earlier with or without the application of CTR 
(Figure 4.8).  The control simulation had a higher LEV than the CTR simulation through 
2041.  In 2051 the CTR simulation had a higher LEV and decreased at a slower rate than 
the control through 2061(Figure 4.8).   
 When comparing between opening sizes the 250ft opening has the greatest LEV 
at $124 per acre in 2011 (Figure 4.8).  In the 150ft opening, LEV reached its peak at $64 
per acre in 2021 (Figure 4.7).  LEV of the 50ft opening peaked at the end of the 100 year 
simulation period (Figure 4.6).  Given these trends it appears that the 250ft opening was 
the most economically beneficial in the shortest amount of time.  
 
  35 
  
Table 4.1. Mean and ± standard error of trees per acre, basal area, diameter at breast 
height, board foot volume, and value of all stems by opening size 
All Stems 50ft   150ft   250ft 
  Mean SE   Mean SE   Mean SE 
TPA (stems ac
-1
)  77.6a    12.0     145.0b        1.4    125.5b  1.7  
BA (ft
2
 ac
-1
)  22.5a      4.1     84.6b        5.6     94.8b  4.2  
DBH (in)  7.3a      0.0     10.2b        0.4     11.3b  0.2  
Volume (mbf/ac)  0.0a        -      2853.6b        4.0     4474.1c   3.7  
Value ($/ac)  0.0a        -      686.8b    150.0     1353.1c  205.2  
Different lower case letters represents a significant difference between opening size 
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Table 4.2. Trees per acre, basal area, diameter at breast height, volume, and value for 
crop trees and non-crop trees by opening size 
  50ft   150ft   250ft 
  
Crop 
tree 
Non-
crop tree   
Crop 
tree 
Non-
crop tree   
Crop 
tree 
Non-
crop tree 
TPA (stems ac
-1
)     20          57          58          87          50          75  
BA (ft
2
 ac
-1
)       7          15          50          35          55          40  
DBH (in)       8            7          12            9          14          10  
Volume (mbf/ac)       -             -     2,420        433     3,481        993  
Value ($/ac)       -             -        624          63     1,190        163  
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Table 4.3. Basal area, relative dominance, density, relative density, and relative 
importance values of all stems by species in 50 ft opening 
 
  
Species 
BA 
(ft
2 ac
-1
) 
Relative 
Dominance 
(%) 
Density 
(stems ac
-1
) 
Relative 
Density (%) 
Relative 
Importance (%) 
Acer rubrum 9.4  41.8 32.7 42.1 41.9 
Quercus alba 4.5  20.0 16.3 21.0 20.5 
Acer saccharum 3.8  16.8 12.3 15.8 16.3 
Nyssa sylvatica 2.5  11.2 8.2 10.5 10.9 
Fraxinus spp. 1.5  6.7 4.1 5.3 6.0 
Carya spp.  0.8  3.6 4.1 5.3 4.4 
Total 22.5 100.0 77.6 100.0 100.0 
*Relative Importance Values = (Relative Dominance+Relative 
Density)/2   
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Table 4.4. Basal area, relative dominance, density, relative density, and relative 
importance values of all stems by species in 150 ft opening 
Species 
  
BA 
(ft
2
 ac
-1
) 
Relative 
Dominance 
(%) 
Density 
(stems ac
-1
) 
Relative 
Density 
(%) 
Relative 
Importance 
(%) 
Acer rubrum 22.1 26.1 46.9 32.3 29.2 
Quercus prinus 17.9 21.1 27.9 19.2 20.2 
Quercus alba 14.7 17.3 24.1 16.6 17.0 
Liriodendron 
tulipifera 
14.5 17.1 16.5 11.4 14.2 
Acer saccharum 4.9 5.8 9.5 6.5 6.2 
Quercus velutina 3.6 4.2 5.1 3.5 3.9 
Carya spp. 1.9 2.2 4.4 3.1 2.6 
Prunus serotina 1.6 1.9 3.8 2.6 2.3 
Magnolia 
acuminate 
1.2 1.4 1.3 0.9 1.1 
Nyssa sylvatica 0.7 0.8 1.9 1.3 1.1 
Fraxinus spp. 0.8 0.9 1.3 0.9 0.9 
Quercus falcata  0.5 0.6 1.3 0.9 0.7 
Tilia americana 0.3 0.4 0.6 0.4 0.4 
Quercus coccinea 0.1 0.1 0.6 0.4 0.3 
Total 84.8 100.0 145.1 100.0 100.0 
*Relative Importance Values = (Relative Dominance+Relative Density)/2   
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Table 4.5. Basal area, relative dominance, density, relative density, and relative 
importance values of all stems by species in 250 ft opening. 
Species 
  
BA       
(ft
2 ac
-1
) 
Relative 
Dominance 
(%) 
Density 
(stems ac
-1
) 
Relative 
Density 
(%) 
Relative 
Importance 
(%) 
Acer rubrum 23.7 24.9 42.4 33.9 29.4 
Liriodendron tulipifera 23.7 24.9 25.7 20.5 22.7 
Quercus prinus 13.8 14.5 14.1 11.3 12.9 
Quercus alba 12.3 12.9 11.8 9.4 11.2 
Acer saccharum 5.6 5.9 10.0 8.0 6.9 
Quercus velutina 4.8 5.1 3.6 2.8 3.9 
Fraxinus spp. 3.3 3.5 4.2 3.4 3.4 
Carya spp. 2.2 2.3 4.6 3.7 3.0 
Prunus serotina 1.0 1.1 2.2 1.8 1.4 
Juglans nigra 1.5 1.6 0.9 0.7 1.1 
Magnolia acuminata 0.9 0.9 1.6 1.2 1.1 
Tilia americana 0.7 0.7 1.1 0.9 0.8 
Quercus rubra 0.5 0.5 0.7 0.6 0.6 
Nyssa sylvatica 0.2 0.2 0.8 0.6 0.4 
Ulmus spp. 0.2 0.2 0.7 0.5 0.4 
Fagus grandifolia 0.2 0.2 0.4 0.4 0.3 
Quercus falcata  0.3 0.3 0.2 0.2 0.2 
Tsuga canadensis 0.1 0.1 0.2 0.2 0.1 
Total 95.0 100.0 125.3 100.0 100.0 
*Relative Importance Values = (Relative Dominance + Relative Density)/2   
 
 
 
 
4
0
 
Table 4.6. Tree per acre and basal area of dominant, codominant, intermediate, and overtopped crown classes by opening size 
Crown 50ft   150ft   250ft 
Class TPA BA DBH   TPA BA DBH   TPA BA DBH 
  (stems ac
-1
) (ft
2
 ac
-1
) (in)   (stems ac
-1
) (ft
2
 ac
-1
) (in)   (stems ac
-1
) (ft
2
 ac
-1
) (in) 
Dominant 0.0 0.0 0.0   3.2 4.6 16.2   1.6 2.7 17.0 
Codominant 12.3 4.4 8.0   57.0 47.7 12.2   50.9 55.2 14.0 
Intermediate 53.1 15.1 7.2   77.9 31.3 8.6   61.1 33.4 10.0 
Overtopped 12.3 2.8 6.3   7.0 1.8 6.7   11.7 4.4 8.3 
  77.6 22.3 7.2   145.0 85.4 10.9   125.3 95.7 12.3 
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Table 4.7. Current (year 51) grade distribution of all stems ≥ 10" by opening size 
Grade 50ft   150ft   250ft 
  TPA %   TPA %   TPA % 
Grade 1 
       
-            -         4.4  
    
6.3        8.7  
  
10.2  
Grade 2 
       
-            -       18.4  
  
26.1      25.7  
  
30.3  
Grade 3 
       
-            -       41.8  
  
59.5      41.8  
  
49.4  
Below Grade 
    
4.1  
  
100.0        5.7  
    
8.1        8.5  
  
10.0  
Total ≥ 10" 
DBH 4.09 100   70.29 100   84.66 100 
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Table 4.8. Potiential grade distribution (year 51) of all stems ≥ 6" by opening size  
Grade 50   150   250 
  TPA %   TPA %   TPA % 
Grade 1 53.1 68.4 
 
71.6 49.3 
 
58.1 46.3 
Grade 2 0 0 
 
34.8 24.0 
 
29.1 23.2 
Grade 3 8.2 10.5 
 
27.2 18.8 
 
25.7 20.5 
Below Grade 16.3 21.1 
 
11.4 7.9 
 
12.5 10.0 
All Stems 77.6 100.0 
 
145.0 100.0 
 
125.3 100.0 
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Table 4.9. Mean of trees per acre, basal area, diameter at breast height, board foot 
volume, and value of all stems after simulation for 50ft openings 
  2011 2021 2031 2041 2051 2061 
TPA (stems ac
-1
)             
Control  
       
77.6  
       
75.6  
       
73.6  
       
71.6  
       
69.6  
       
67.7  
CTR* 
           
-               -               -               -               -               -    
BA (ft
2
 ac
-1
)             
Control  
       
22.3  
       
29.5  
       
39.0  
       
48.5  
       
59.1  
       
71.0  
CTR* 
           
-               -               -               -               -               -    
DBH (in)             
Control  
         
7.3  
         
8.5  
         
9.9  
       
11.1  
       
12.5  
       
13.9  
CTR* 
           
-               -               -               -               -               -    
Volume (mbf/ac)             
Control  
       
75.7  
     
427.2  
  
1,197.4  
  
1,961.6  
  
2,967.9  
  
4,101.7  
CTR* 
           
-               -               -               -               -               -    
Value ($/ac)             
Control  
       
10.4  
       
62.9  
     
160.6  
     
385.6  
     
643.5  
  
1,257.5  
CTR* 
           
-               -               -               -               -               -    
* No simulation was performed on 50ft openings due to low 
stocking    
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Table 4.10. Mean of trees per acre, basal area, diameter at breast height, board foot 
volume, and value of all stems after simulation for 150ft openings 
  2011 2021 2031 2041 2051 2061 
TPA (stems ac
-1
)             
Control  
     
145.0  
    
141.7  
    
138.3  
    
129.6  
    
119.7  
      
111.2  
CTR 
     
109.6  
    
107.1  
    
104.5  
    
102.0  
      
99.4  
        
96.5  
BA (ft
2
 ac
-1
)             
Control  
       
85.4  
    
105.1  
    
128.3  
    
144.1  
    
155.2  
      
167.6  
CTR 
       
64.9  
      
82.0  
      
99.5  
    
120.1  
    
138.2  
      
156.1  
DBH (in)             
Control  
       
10.4  
      
11.7  
      
13.0  
      
14.3  
      
15.4  
        
16.6  
CTR 
       
10.4  
      
11.8  
      
13.2  
      
14.7  
      
16.0  
        
17.2  
Volume (mbf/ac)             
Control  
  
2,908.8  
 
4,405.1  
 
6,373.1  
 
8,048.5  
 
9,414.7  
 
10,899.8  
CTR 
  
2,442.0  
 
3,677.4  
 
5,232.8  
 
7,214.8  
 
8,992.7  
 
10,769.0  
Value ($/ac)             
Control  
     
699.1  
 
1,187.5  
 
1,845.9  
 
2,494.6  
 
3,065.2  
   
3,664.2  
CTR 
     
631.2  
 
1,135.1  
 
1,633.8  
 
2,394.0  
 
3,029.7  
   
3,706.5  
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Table 4.11. Mean of trees per acre, basal area, diameter at breast height, board foot 
volume, and value of all stems after simulation for 250ft openings 
  2011 2021 2031 2041 2051 2061 
TPA (stems ac
-1
)             
Control  
       
125.3  
       
122.2  
       
119.1  
        
114.2  
        
105.3  
          
98.4  
CTR  
         
88.4  
         
86.2  
         
84.1  
          
81.9  
          
79.7  
          
77.5  
BA (ft
2
 ac
-1
)             
Control  
         
95.7  
       
115.1  
       
138.6  
        
157.1  
        
167.6  
        
179.1  
CTR 
         
68.5  
         
83.9  
       
100.2  
        
117.2  
        
132.4  
        
146.3  
DBH (in)             
Control  
         
11.8  
         
13.1  
         
14.6  
          
15.9  
          
17.1  
          
18.3  
CTR 
         
11.9  
         
13.4  
         
14.8  
          
16.2  
          
17.5  
          
18.6  
Volume (mbf/ac)             
Control  
    
4,548.8  
    
6,324.2  
    
8,606.3  
   
10,622.3  
   
12,062.7  
   
13,629.2  
CTR 
    
3,530.2  
    
5,031.3  
    
6,706.3  
     
8,537.9  
   
10,287.3  
   
11,908.2  
Value ($/ac)             
Control  
    
1,374.6  
    
1,996.5  
    
2,832.2  
     
3,593.5  
     
4,163.1  
     
4,739.1  
CTR 
    
1,209.7  
    
1,819.4  
    
2,429.4  
     
3,122.1  
     
3,754.7  
     
4,338.3  
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Figure 4.1 Stocking chart with simulation for 50ft opening 
  
 
  47 
  
 
Figure 4.2 Stocking chart with simulation for 150ft opening – No CTR 
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Figure 4.3 Stocking chart with simulation for 150ft opening – With CTR 
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Figure 4.4 Stocking chart with simulation for 250ft opening – No CTR 
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Figure 4.5 Stocking chart with simulation for 250ft opening – With CTR 
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Figure 4.6 LEV for the control simulation of the 50ft openings 
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Figure 4.7 LEV for the control and CTR simulations of the 150ft openings 
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Figure 4.8 LEV for the control and CTR simulations of the 250ft openings 
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Chapter Five: Discussion 
 
Effective use of patch clearcutting is dependent on the opening size for an 
economically beneficial rotation.  Use of different opening sizes affects the future species 
composition and stand structure by varying the amount of shade in the regeneration 
opening (Dale et al. 1995; Lhotka 2012). By increasing the opening size, the abundance 
of shade intolerant species is also increased (Dale et al. 1995; Hill 1987; LeDoux 1999; 
Lhotka 2012).  Depending on landowner preferences for income, aesthetic, and wildlife, 
the size of opening and number of openings per stand can be adjusted making this a 
versatile harvest option (Miller 1991; Miller 1993).  
Current Stand  
 This study used opening with three different diameters, 50ft, 150ft, and 250ft, that 
were harvested in 1960 to study oak-hickory regeneration (Hill, 1987).  By revisiting 
these sites, it has allowed for further research into the effects and benefits of these three 
opening sizes.   
  The 50ft opening had little to no benefit  in regards to regeneration of the most 
commercially important species. The only benefit would be the profit or use of the timber 
removed during the harvest, which would have a high cost per board foot removed.  Cost 
of logging in smaller openings is greater than that of larger openings as a percent of 
volume due to fixed cost associated with the logging operation (LeDoux, 1999). A patch 
clearcut of only 50ft, or .05 acres also will have a low basal area, total volume and 
species variation in the regenerating stand  (Dale et al., 1995).  Regardless if this stand is 
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allowed to grow another 40 to 50 years the LEV would not exceed $20 per acre (Figure 
4.6). 
  Benefits become measurable once the patch clearcut harvest is performed at a 
minimum diameter of 150ft. The average number trees per acre increase greatly as 
opening size approaches 0.5 acres (Dale et al., 1995). In the 150ft and 250ft openings, the 
species variation increases also to include more shade intolerant species (Dale et al. 1995; 
Hill 1987; LeDoux 1999; Lhotka 2012).  As volume, TPA, value (Table 4.11), and grade 
(Table 4.7) increased with the larger opening size so did the LEV which for the current 
stand reached approximately $60 per acre on the 150ft (Figure 4.7) and $120 on the 250ft 
openings (Figure 4.8).     
 
Simulated Stand 
 For this study, we used the FVS simulator to determine if a crop tree release 
would be an effective and beneficial treatment for these patch clearcut stands at their 
current age, volume, and density.  Simulations were performed on each opening size 
without any CTR treatment.  Then simulations were performed on the 150ft and 250ft 
stands with a CTR treatment.  No simulation was run with a treatment for the 50ft plots 
due to them being under stocked.  These simulations have several limiting factors that 
can affect the outcome of the future stand. These simulations do not account for the 
annual variation in tree growth due to climate and may not accurately represent site-
specific tree mortality patterns (Crookston and Dixon 2005). 
 In all the opening sizes, there were increases in basal area, DBH, and volume as 
the stands were grown out to the year 2061 as would be expected but this does not mean 
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there was value added to the stands. LEV was calculated for each stand for the control 
and the CTR treatment at each ten year increment.  These calculations were done for the 
control and the simulation to determine if there is any monetary benefit to performing the 
CTR at this time in the rotation.  As previously stated there was only a simulation done 
for the current stand for the 50ft opening, due to understocking. From 2011 the 50ft 
opening gradually increases in LEV at each ten year increment but never reaches a value 
that would be economically beneficial to a landowner as a long term investment (Figure 
4.6). 
 In the 150ft opening there, was a slight increase in LEV from 2011 to 2021 but 
from that point on the LEV for timber land use decreased at each ten year increment, 
meaning that further delaying a harvest would devalue the timber as an investment 
(Figure 4.7).  The CTR did not have a dramatic effect on the overall stand (Table 4.11), 
thus there was no benefit to performing the CTR 150ft opening,  past 2021. The CTR 
simulation on the 250ft openings did not benefit the stand in any of the ten year 
increments (Table 4.12). Unlike the 150ft opening did not increase at all from the 2011 
LEV, but steadily decreased from the beginning (Figure 4.8). 
 When using CTR to promote increased value in the stand, it is best applied 
between the ages of 21 to 35 years (Morrissey et al., 2011). By delaying CTR in this 
stand, the number of viable crop trees may have been reduced and the potienital of each 
crop tree to respond to release likely declined.  Earlier CTR would have increased tree 
growth rates and helped to add value to the stand over a longer time between release and 
the end of the rotation.  
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Chapter Six: Conclusions 
  
In patch clearcuts, opening size must be of adequate to allow for regeneration and 
has a great effect on the future productivity of the site (Dale et al. 1995; Hill 1987; 
LeDoux 1999; Lhotka 2012).  Different openings size will have varied benefits that will 
enable landowners to meet their management goals. Using one or a combination of size 
allows for flexibility in harvesting and returning forest structure.  
As seen in this study the 50ft openings were not productive stands and could be 
detrimental to regeneration and species variety. The negative impact of this smaller 
opening size is that the canopy is not adequately opened.  Specifically, if an opening is 
not of adequate size there will be reduced height and DBH due to increased edge effect 
across larger portions of the opening (Dale et al., 1995).  To see any measureable 
regeneration after harvest or volume in the returning cohort, this current study along with 
previous research suggests that the opening size needs to be at least 0.5 acre. 
 Using openings of 150ft or greater in diameter increases the number of species 
during regeneration (Table 4.3, 4.4, and 4.5).  In order for landowners to optimize the 
species composition potential of the natural regeneration, the opening size should be 
approximately .5 acre or larger, which promotes the regeneration of oak and other shade 
intermediate and intolerant species (Dale et al. 1995; Hill 1987; LeDoux 1999; Lhotka 
2012).  In these larger openings, shade tolerant species are also present due to edge effect 
(Dale et al., 1995) or because they were large sized advance reproduction and able to 
compete with the more shade intolerant species following harvest.  This species diversity 
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is an overall benefit to forest health as it shields against pest or disease that can devastate 
forests with few or only one species (Nyland, 2002). 
For this study, as stated in chapter one, species considered to crop trees based on 
regional markets were, yellow-poplar (Liriodendron tulipifera), white oak (Quercus 
alba), chestnut oak (Quercus prinus), sugar maple (Acer saccharum), red maple (Acer 
rubrum), and all varieties of hickory (Carya spp.) . These trees are the basis for most 
forest management decisions as they are the trees that have the majority of value in the 
stand. In the 150ft and 250ft openings, the number of crop trees was increased (Table 
4.2).  By increasing the number of crop trees that can be harvested at one time, one can 
lower logging costs and increase benefits to the landowner (Dale et al. 1995; Hill 1987; 
LeDoux 1999).  The reduced harvest cost of logging is an additional benefit considering 
the values of the 150ft and 250ft (Table 4.2). These two opening sizes have far greater 
returns in all categories. 
The 150ft opening increases species diversity from the 50ft opening which only 
had six species sampled (Table 4.4). The 150ft opening also has a higher concentration of 
oak species (Table 4.4) which are valuable in wood markets and for promoting wildlife. 
The 150ft opening can be appealing for smaller landowners that prefer to retain more of 
the aesthetics of their property while still maintain the health of the stand and producing 
an income. CTR in 2011 on the 150ft stand would have a slight positive effect on value 
on a second harvest in 2061 (Figure 4.2). 
The 250ft openings have higher volume of shade intolerant species. The increased 
size from the 150ft opening allows for an increase in yellow-poplar (Liriodendron 
tulipifera) that affected the increased volume per acre over the 150ft opening. This is a 
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large part of the value associated with the 250ft opening. Using CTR on this opening size 
gives landowners options on how to manage the long term forest use for recreation and 
esthetics.  
In conclusion, patch clearcutting with an opening size of 150ft and greater have 
far more benefits to landowners concerned with regenerating a healthy forest that will 
have increased value. The patch clearcut method also offers additional benefits such as 
maintain asthetics along with managing wildlife and water quality (Heitzman and 
Stephens 2006; LeDoux 1999; LeDoux et al. 1993; Nyland 2002).  Also when a CTR is 
performed it can be economically beneficial for forest landowners to use this method of 
forest management (Miller and Stringer, 2007). Even though LEV was in decline from 
2021 to the end for the simulation for the 150ft opening (Figure 4.8) and from 2011 in the 
250ft opening (Figure 4.8), the LEV for both opening sizes was higher the last two 
decades in the CTR than in the control. This suggests that if a CTR were performed 
earlier in the rotation the LEV would be higher for the 150ft and 250ft openings.
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Appendix A. 1960 Size of opening study plot on Robinson Forest with diameter size description.  Provided by Dr. John Lhotka 
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Appendix B. Price of sawlogs as reported by Kentucky Growing Gold. Prices were reported quarterly then averaged by year then 
averaged over five years 
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Appendix C. Description by plot number, which includes physical characteristics, 
diameter of clearcut opening, and postharvest treatment.  Provided by Dr. John Lhotka   
  
63 
 
  
Appendix D. Arrangement of subplots for 2011 remeasurements  
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Appendix E. Grading guidelines used during data collection.  Provided by Dr. Jeffrey 
Stringer, UK extension office 
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Appendix F. SAS code for calculation of future volume of timber 
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